Purpose: Our purpose was twofold. First, we sought to determine whether 2 orthogonal oriented views of excised breast cancer specimens could improve surgical margin assessment compared to a single unoriented view. Second, we sought to determine whether 3D tomosynthesis could improve surgical margin assessment compared to 2D mammography alone. Materials and Methods: Forty-one consecutive specimens were prospectively imaged using 4 protocols: single view unoriented 2D image acquired on a specimen unit (1VSU), 2 orthogonal oriented 2D images acquired on the specimen unit (2VSU), 2 orthogonal oriented 2D images acquired on a mammogram unit (2V2DMU), and 2 orthogonal oriented 3D images acquired on the mammogram unit (2V3DMU). Three breast imagers randomly assessed surgical margin of the 41 specimens with each protocol. Surgical margin per histopathology was considered the gold standard. Results: The average area under the curve (AUC) was 0.60 for 1VSU, 0.66 for 2VSU, 0.68 for 2V2DMU, and 0.60 for 2V3DMU. Comparing AUCs for 2VSU vs 1VSU by reader showed improved diagnostic accuracy using 2VSU; however, this difference was only statistically significant for reader 3 (0.73 vs 0.63, P ¼ .0455). Comparing AUCs for 2V3DMU vs 2V2DMU by reader showed mixed results, with reader 1 demonstrating increased accuracy (0.72 vs 0.68, P ¼ .5984), while readers 2 and 3 demonstrated decreased accuracy (0.50 vs 0.62, P ¼ .1089 and 0.58 vs 0.75, P ¼ .0269). Conclusions: 2VSU showed improved accuracy in surgical margin prediction compared to 1VSU, although this was not statistically significant for all readers. 3D tomosynthesis did not improve surgical margin assessment.
r esultats contradictoires: l' evaluateur 1 a pr esent e une hausse de la pr ecision (0,72 contre 0,68, P ¼ ,5984), tandis que pour les evaluateurs 2 et 3, la pr ecision a diminu e (0,50 contre 0,62, P ¼ 0,1089 et 0,58 contre 0,75, P ¼ ,0269). Conclusions : En ce qui concerne la pr ediction des marges chirurgicales, une am elioration de la pr ecision a et e constat ee avec 2VU E par rapport a 1VU E, malgr e l'absence de signification statistique pour l'ensemble des evaluateurs. La tomosynth ese 3D n'a pas conduit a une am elioration de l' evaluation des marges chirurgicales. Ó 2019 Canadian Association of Radiologists. All rights reserved.
Key Words: Breast cancer specimen; Digital breast tomosynthesis; Orthogonal views; Surgical margins; Lumpectomy specimen radiography Breast-conserving therapy (BCT), or lumpectomy followed by whole breast radiation, has been shown to be equivalent to mastectomy for treatment of stage I and stage II invasive breast cancer [1e3] . However, in order for BCT to be successful, the cancer must be excised with a negative surgical margin to ensure complete tumor removal. The risk of local tumor recurrence is at least twofold when there is ink on cancerous cells at the edge of the specimen [4] . Histopathologically positive margins are seen in 20%e55% of cases [5] , with re-excision rates of 10%e57% depending on the institution's practices and desired negative margin width [6, 7] . The lack of consensus on what constitutes a safe margin also contributes to many patients undergoing a second surgery. Repeat surgeries drive up health care costs, lead to more stress for the patient, and may result in suboptimal cosmetic results.
In a time of widespread use of screening mammography, most excised cancers are non-palpable and therefore require image-guided procedures both for obtaining the preoperative diagnosis via biopsy, and to guide surgery. Most imaging centers routinely place a metallic clip at the biopsy site to mark the index lesion. Pre-operative image-guided wire localization of the target lesion (if still present after biopsy), or of the localizing clip, is now routinely employed to enable precise removal of the lesion and to reduce the amount of normal tissue excised. In fact, the American Society of Breast Surgeons' position statement on breast cancer lumpectomy margins (2013) asserts that there must be radiographic confirmation of removal of all non-palpable, image-detected lesions by mammogram or ultrasound, and direct intraoperative communication of specimen imaging results to the surgeon. The American Society of Breast Surgeons also recommends that the specimen images be made available to the pathologist [8] .
Surgical specimen imaging to assess complete removal of the target lesion is commonly done with 2-dimensional (2D) mammography, though ultrasound may also be used if the lesion was clearly identified on ultrasound prior to surgery [9] . Traditionally, mammography of the specimen is done using either a dedicated specimen unit or a digital mammography unit, with acquisition of either a single view or 2 orthogonal views. The majority of practices obtain a single unoriented view of the excised tissue. The radiologist then communicates to the surgeon whether the targeted lesion has been removed and typically comments on the distance of the lesion from the margin. Studies investigating whether 2 views are superior to 1 view have shown mixed results [10, 11] . Moreover, to our knowledge, there has been relatively little research investigating whether 2 views are superior to 1 view in regard to margin assessment.
Recently, 3-dimensional (3D) digital tomosynthesis (DBT) has shown promise as a superior diagnostic tool compared to 2D mammography because it eliminates tissue superimposition. Several studies have shown increased lesion detection and improved margin assessment with DBT for screening and diagnostic populations [12e15]. Further, DBT is regarded as a superior technique when assessing dense breast tissue [15] . Dense breast tissue may predispose to higher re-excision rates. One study showed that dense breast tissue had a 3.6 odds ratio of repeat surgery [6] , while in another study 10 out of 11 (91%) women with dense breasts were recommended to undergo repeat surgery based on positive margins [16] .
Given the importance of clear margins in reducing the need for re-excision, and the paucity of research on margin assessment using 2 orthogonal views and DBT as compared to the standard single unoriented 2D view, our aim was to determine whether 2 oriented orthogonal views and/or DBT allow for more accuracy in predicting margin status as compared to the standard of care. We hypothesized that orienting the specimen and obtaining 2 orthogonal images would be superior to a single unoriented image. Our rationale was that 2 oriented, orthogonal images would provide more anatomic information regarding all 6 margins. We further hypothesized that DBT would be superior to conventional 2D imaging of the specimen given the ability to ''scroll through'' the excised tissue in thin slices, thereby eliminating tissue superimposition.
Materials and Methods
This prospective study was approved by the Institutional Review Board at Beth Israel Deaconess Medical Center and was compliant with the Health Insurance Portability and Accountability Act. Our institution funded the study internally. No outside or industry funding was provided.
Patient Inclusion
From July 1, 2013-January 9, 2014, consecutive surgical specimens from 70 patients undergoing breast conservation surgery for preoperative diagnoses of ductal carcinoma in situ (DCIS), invasive breast cancer, or other suspicious imaging findings, were imaged using 4 study protocols. Preoperative diagnoses were based on image-guided percutaneous tissue biopsy. Specimens were imaged in a consecutive fashion as they became available from the operating room; however, occasionally, a specimen could not be imaged due to limited access to the DBT unit, and so, was not included in the study. Imaged specimens with benign final surgical pathology (n ¼ 22) were not included in the study as margin assessment is not of clinical significance. An additional 9 specimens were subsequently excluded because of incomplete imaging. A total of 41 breast cancer specimens from 39 patients were included in the analysis.
Specimen Imaging Process
Each patient had wire localization of the breast lesion(s) performed in the breast radiology department prior to surgery. After surgical excision, the excised tissue was immediately sent to the radiology department for conventional 2D imaging by a technologist. The radiologist assessed the specimen radiograph and conveyed the findings to the surgeon, who then proceeded with wound closure or immediate re-excision. At this point in time, the specimen, which remained in a sealed plastic biohazard bag, was imaged using 4 different protocols by 1 of 3 investigators (J.M., P.S., and M.K.). The specimen was then sent to pathology, and the pathologist's examination and margin assessment of the specimen became available at a later time. No macroscopic examinations were performed intraoperatively by the pathologist. At a later date, 3 board-certified breast radiologists independently reviewed the study images to assess margin status of each specimen.
Specimen Orientation, Imaging Protocols, and Technique
Specimen orientation was accomplished using surgical stitches, with the short stitch marking the superior aspect and the long stitch marking the lateral aspect. For the first image, the short stitch faced upward (away from the detector plate) and the long stitch faced laterally ( Figure 1 ). For the second image, the specimen was rotated 90 such that the short stitch faced towards the imager and the long stitch continued to face laterally.
All surgical specimens were imaged using the conventional protocol as well as 3 additional protocols, for a total of 4 image sets ( Figure 2 ), as follows.
One view specimen unit (1VSU) (conventional protocol)
A single view, unoriented 2D image was acquired on a dedicated specimen unit (piXarray 100 Digital Specimen Radiography System, 2009; Bioptics Inc, Tucson, AZ). The technologist placed the specimen on the detector plate without regard to orientation and then shot a single image using pre-set kV and mAs values, with manual adjustments as needed depending on the size of the specimen. kV ranged from 28e31 and mAs ranged from 8e10. Standard vendorspecific magnification was used. The specimen was not compressed. This imaging protocol is the current practice at our institution.
Two view specimen unit (2VSU)
Two orthogonal, oriented 2D images were acquired on the dedicated specimen unit. The investigator oriented the specimen on the detector plate and shot the first image. The specimen was then rotated 90 to acquire the second image using the same imaging parameters. Pre-set magnification, kV and mAs values were used. kV and mAs was adjusted for larger specimens. The specimen was not compressed.
Two view 3D mammogram unit (2V3DMU)
Two orthogonal, oriented 3D images were acquired on the DBT unit (Selenia Dimensions System, 2012; Hologic Inc, Marlborough, MA). In order to achieve the same magnification as the standardized specimen unit, a platform was used to elevate the specimen from the detector plate. Two screening compression paddles (measuring 24 cm Â 29 cm and 18 cm Â 24 cm, respectively) were first stacked onto the detector plate. The investigator then oriented the specimen on the top paddle surface and lightly compressed the specimen from above using a 10 cm contact paddle before shooting the image. This was then repeated to acquire the orthogonal image. kV was manually set to 28 with slight adjustments made as needed. mAs was manually set and ranged from 75e100 depending on the size of specimen. Figure 1 . Specimen orientation diagram. Top-down photograph and drawing of left breast specimen on detector plate. Short stitch marks superior aspect, long stitch marks lateral aspect. In the first image, the long stitch faces laterally (in this case left because it is the left breast specimen), and the short stitch faces up (away from detector plate). In the second image, the specimen has been rotated 90 up towards the imager so that the short stitch now faces the imager and the long stitch continues to face laterally. The first image is marked with 1 BB (blue sticker) to indicate the posterior aspect (chest wall) and a paper clip to indicate the lateral aspect. The second image is marked with 2 BBs (blue and pink stickers) to indicate the superior aspect and a paper clip to indicate lateral aspect. This figure is available in colour online at http://carjonline.org/.
Two view 2D mammogram unit (2V2DMU)
Two orthogonal, oriented 2D images were acquired on the DBT unit. The same imaging protocol as 2V3D was used; however, the digital setting was changed to acquire a 2D, rather than 3D, image.
Data Collection
Three breast imagers (S.V., V.F.Z., and P.J.S.) with 21, 27, and 25 years of experience, respectively, independently assessed the margin status of each specimen using each of the 4 study protocol image sets while blinded to final surgical margin status. Each reader was blinded to the other readers. Final margin status per histopathology was considered the gold standard. Image sets were read in random order and there was a 4-week washout period between each protocol reading session for each reader. Specimen reading order was also randomized within each image set.
The radiologist readers recorded margin status and closest margin(s). For our study we defined margins as positive if less than 1 mm, close if between 1-5 mm, and negative if greater than 5 mm. While the pathology department at our institution defines a margin as positive if there is ink on tumor cells, we felt that defining a positive margin as <1 mm for the purposes of our study would allow us to better compare radiographic vs microscopic specimen examination, and was more in line with the clinical practice of our surgical colleagues. All measurements on radiographic images were made using the vendor-specified measurement tool available in the picture archiving and communication system or on the Hologic viewing station. Each radiologist was provided with a specimen orientation schematic to allow for proper identification of each margin while reviewing images (anterior, posterior, medial, lateral, superior, and inferior margins, Author J.M. correlated reader data with final surgical margin status. The pathologist reports distance of cancer cells from each of the 6 margins in millimeters. In order to properly compare radiologist reader data to pathology data, the pathology margin statuses were converted to match our study definitions using the pathologist-measured distances provided. For example, if the pathologist indicated that there was carcinoma 0.7 mm from the medial margin and therefore ''negative'' in their report, then the pathological medial margin was considered ''positive'' for our study. All radiologists used this schematic as a reference tool to correctly identify each margin while reading specimen images. BBs and paper clips were used to label the margins. The first image was marked with 1 BB to indicate the posterior aspect (chest wall) and a paper clip to indicate the lateral aspect. The second image was marked with 2 BBs to indicate the superior aspect, and a paper clip to indicate lateral
Statistical Methods
For the purposes of analysis, margins read as ''close'' by the radiologists were counted as negative such that there was a dichotomous outcome of positive or negative. Sensitivity and specificity were then calculated for each modality. Areaunder-the-curve (AUC) analyses were generated to assess diagnostic performance for each modality. McNemar testing was used to compare sensitivity and specificity for each modality. A Fleiss kappa coefficient was computed to assess inter-reader agreement among the 3 readers. All analyses were performed using Stata software (version 13.0, Stata-Corp, College Station, TX).
Results
Forty-one specimens with malignancy from 39 patients were included. Two patients each contributed 2 separate specimens from different areas of the same breast. All patients were female with a mean age of 60.66 (standard deviation AE 12.67). Of the 41 specimens, 11 were DCIS and 30 were invasive cancer. On histopathology, 25/41 had positive margins (<1 mm), 13/41 had close margins (between 1-5 mm), and 3/41 had negative margins (>5 mm). For statistical analysis, we counted close margins as negative, such that 25/41 were considered positive (<1 mm) and 16/41 were considered negative (!1 mm). Eighteen out of 41 (44%) cases had immediate re-excision and 12/41 (29%) cases required re-excision at a later date due to cancer found at the edge of the specimen (0 mm). Additional patient characteristics are detailed in Table 1 .
Specimen characteristics for histopathologically positive cases are shown in Table 2 . Of the 41 specimens studied, 15 had both DCIS and invasive cancer. Of these 15, 11 had DCIS closest to margin (for example, <1 mm DCIS, 2.5 mm invasive), 2 had invasive cancer closest to margin, and 2 had DCIS and invasive cancer equidistant from the margin.
Inter-reader agreement among the 3 readers was fair to moderate for the 4 modalities, with Fleiss kappa statistics of 0.57 (95% confidence interval [CI] 0.48e0.72) for 1VSU, 0.47 (95% CI 0.40e0.59) for 2VSU, 0.55 (95% CI 0.41e 0.61) for 2V2DMU, and 0.32 (95% CI 0.18e0.44) for 2V3DMU. AUC analyses of each modality by reader revealed relatively low accuracy, with interpretations ranging from worthless to fair ( Table 3 ). The average AUC was highest for 2V2DMU (0.68), followed by 2VSU (0.66), then 2V3DMU (0.60), and then 1VSU (0.60). Sensitivity and specificity of each modality per reader are summarized graphically in Figure 4 . Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) are provided in Table 4 . Average sensitivity was substantially higher using all experimental modalities (2V2DMU, 64%; 2V3DMU, 60% and 2VSU, 57.33%) compared to the conventional 1VSU (42.67%). Average specificity was highest for the conventional 1VSU modality (77.08%). Both average PPV and NPV were highest for 2VSU and 2V2DMU modalities.
Do 2 oriented images improve accuracy of radiographic margin assessment compared to the standard of care?
Comparing AUCs for 2VSU vs 1VSU by reader showed overall improved diagnostic accuracy using 2VSU; however, this difference was only statistically significant for reader 3 ( Table 5 ). Average sensitivity was substantially higher for 2VSU compared to 1VSU (57.33% vs 42.67%) with comparable specificity (75% vs 77.08%, respectively) ( Table 4 ). McNemar testing to compare sensitivities of 2VSU versus 1VSU by reader revealed overall improved sensitivity using 2VSU; however, these differences were not statistically significant (Table 6 ). McNemar testing to compare specificities of 2VSU vs 1VSU by reader revealed mixed results ( Table 7) .
Does tomosynthesis improve radiographic margin assessment compared to conventional 2D imaging?
Comparing AUCs for 2V3DMU vs 2V2DMU by reader showed mixed results, with reader 1 demonstrating increased accuracy while readers 2 and 3 demonstrated decreased accuracy (Table 5 ). Average sensitivity was lower for 2V3DMU as compared to 2V2DMU (60% vs 64%, respectively) ( Table 4 ). McNemar testing comparing sensitivities of 2V3DMU vs 2V2DMU by reader showed mixed results, with reader 1 demonstrating increased sensitivity while readers 2 and 3 demonstrated decreased sensitivity ( Table 6 ). Average specificity was substantially lower for 2V3DMU as compared to 2V2DMU (60.42% vs 72.92%, respectively) ( Table 4 ). McNemar testing to compare specificities of 2V3DMU vs 2V2DMU showed overall decreased, or equal, specificity without statistical significance (Table 7) .
Comparing AUCs for 2V3DMU vs 2VSU by reader showed similar results, with reader 1 demonstrating increased accuracy while readers 2 and 3 demonstrated decreased accuracy (Table 5 ). Average sensitivity was slightly higher for 2V3DMU when compared to 2VSU (60% vs 57.33%, respectively) ( Table 4 ). McNemar testing to compare sensitivities of 2V3DMU vs 2VSU by reader showed mixed results, with reader 1 demonstrating increased sensitivity while readers 2 and 3 demonstrated decreased sensitivity ( Table 6 ). Average specificity was substantially lower for 2V3DMU compared to 2VSU (60.42% vs 75%, respectively) ( Table 4 ). McNemar testing to compare specificities of 2V3DMU vs 2VSU showed decreased specificity for all readers; however, these differences were not statistically significant ( Table 7) .
Two-view oriented imaging on both the dedicated specimen unit (2VSU) and the mammogram unit (2V2DMU) had both the highest PPVs and the highest NPVs when compared to 1VSU and 2V3DMU (Table 4 ).
Discussion
BCT is the current accepted therapy for early stage breast cancer. In order for BCT to be effective, the excised cancer should have negative margins. Although the relationship between margin status and risk of recurrence is not exact, there is a drive to obtain negative margins either at the time of primary surgery or with re-excision at a later date. When the first surgery heralds a positive margin, a second surgery is usually recommended. Re-excision is associated with worse cosmetic results, as well as increased health care costs, delay in radiation therapy, and significant additional stress to the patient.
Definitions of what constitutes an adequate negative margin have historically been controversial and range from no cancer at ink to no cancer within 1 cm [17e19]. However, Moran et al [20] published clear guidelines in 2014 on surgical margins following a comprehensive meta-analysis that showed that no ink on tumor cells was associated with low rates of local recurrence. These consensus guidelines, put forth by the Society of Surgical Oncology and American Society for Radiation Oncology, define a positive margin as ink on invasive cancer or DCIS, and a negative margin as absence of ink. Further, Morrow et al (2016) recently published clear consensus guidelines of the Society of Surgical Oncology, American Society for Radiation Oncology, and the American Society of Clinical Oncology that recommend a negative margin width of 2 mm for DCIS and DCIS with microinvasion [21] . The European Society of Medical Oncology similarly define a positive margin as ink on invasive cancer or DCIS, and a negative margin as absence of ink, and go on to say that a margin of >2 mm is preferred for in situ disease (2015) [22] .
Our positive margin rate appears consistent with other rates reported in the literature. While 61% of specimens had histopathologically ''positive'' margins, this was artificially inflated given our study definitions. For example, if the pathologist commented that there was cancer 0.7 mm from the edge and therefore called the margin negative given no cancer at the edge, we actually considered the margin positive because it was <1 mm from the edge. The rate of positive margins based on the original pathology report (prior to adjustments made for the purposes of our study) was 22% (9 Reader 3 had better diagnostic accuracy with 2VSU when compared to 1VSU, 2VSU when compared to 2V3DMU, and 2V2DMU when compared to 2V3DMU, showing general improved diagnostic performance with 2 2D oriented views. 1VSU ¼ single-view unoriented 2D image acquired on a specimen unit; 2VSU ¼ 2 orthogonal oriented 2D images acquired on the specimen unit; 2V2DMU ¼ 2 orthogonal oriented 2D images acquired on a mammogram unit; 2V3DMU ¼ 2 orthogonal oriented 3D images acquired on the mammogram unit; AUC ¼ area under the curve. 1VSU ¼ single view unoriented 2D image acquired on a specimen unit; 2VSU ¼ 2 orthogonal oriented 2D images acquired on the specimen unit; 2V2DMU ¼ 2 orthogonal oriented 2D images acquired on a mammogram unit; 2V3DMU ¼ 2 orthogonal oriented 3D images acquired on the mammogram unit. 1VSU ¼ single view unoriented 2D image acquired on a specimen unit; 2VSU ¼ 2 orthogonal oriented 2D images acquired on the specimen unit; 2V2DMU ¼ 2 orthogonal oriented 2D images acquired on a mammogram unit; 2V3DMU ¼ 2 orthogonal oriented 3D images acquired on the mammogram unit; NPV ¼ negative predictive value; PPV ¼ positive predictive value. out of 41), which is consistent with the 20e55% rate suggested in the literature [5] . Nonetheless, it is important to note that the practice of margin assessment, and therefore rate comparison, is imperfect, given differences in margin definitions, approaches to wire localization of the lesion, surgical techniques, tumor distributions, and systemic therapies prior to excision [23] . Moreover, several studies fail to convey how they defined positive margins, making it even more difficult to nail down a clear positive rate [24, 25] . Although DBT is now widely used in screening and diagnostic imaging, it is not routinely used for specimen imaging. Some studies have shown increased sensitivity with single view DBT specimen imaging and improved performance of DBT in lesion size assessment [14, 26] . Chagpar et al also found that intraoperative DBT of the specimen led to a slight reduction in re-excision rate [27] . Interestingly, the Food and Drug Administration approved a dedicated DBT specimen unit (Kubtec MOZART with TomoSpec) in October 2014. Two studies supporting DBT specimen radiography are referenced on the Kubtec website. In 1 study, the breast surgeon subjectively felt that 2 orthogonal views using DBT provided more anatomic detail and actionable data intraoperatively compared to 2D, thereby facilitating lower re-excisions (Kaufman et al [28] ). The second study, which reviewed 7 specimens, found that DBT provided better clarity of specimen edges compared to 2D and also correlated well with final histopathological margin status (Partain et al [29] ). While these studies have investigated DBT for specimen imaging, its overall value in this setting has not yet been elucidated, especially given the small sizes of the study cohorts.
Our study revealed a trend of improved margin assessment using 2 oriented views as compared to a single unoriented view, while DBT did not appear to add diagnostic value for margin assessment as compared to 2D mammography. It is likely that our study was underpowered and could only identify trends rather than statistically significant differences given that there were only 41 specimens included in the analysis. In order to find a statistically significant difference in an AUC of 0.6 and 0.7, a sample size of approximately 400 cases would be needed.
In regard to 2 oriented views compared to a single unoriented view, 2 oriented views did show improved sensitivity across all readers, with an average sensitivity of 57.33% compared to 42.67%, respectively; however, this difference only approached statistical significance for reader 2 (P ¼ .0625). Average specificity was comparable between the 2 (2VSU 75%, 1VSU 77.08%). Two oriented views showed an overall higher AUC compared to the single unoriented view across all readers; however, this difference was only statistically significant for reader 3 (P ¼ .0455). Interestingly, Goldfeder et al (2006) found that 1 view had a higher specimen radiography and histopathology concordance rate (including sensitivity, specificity, PPV, and NPV); however, this was based on comparison of 2 samples of unequal size, with 66 specimens in the 1-view group and 44 specimens in the 2-view group [10] . Further, they may have had a sampling bias because cases were excluded from the 2view group when the surgeon left the needle in the specimen.
With regard to DBT compared to 2D mammography, we felt that this was best assessed by comparison of the 2V3DMU and 2V2DMU protocols, as these images were acquired on the same unit, thereby controlling for other variables. There was no clear trend of improved margin assessment with DBT, with mixed results for sensitivity and AUC across the 3 readers. There was, however, a trend of decreased specificity when compared to 2D mammography. Urano et al (2016) recently performed a study comparing DBT to 2D mammography using 2 views and found that DBT allowed for significantly greater detectability of malignant lesions on a latero-lateral view as compared to 2D mammography [13] . However, this group did not evaluate margin status specifically, and there was only 1 radiologist reader. Unfortunately, the studies comparing DBT specimen radiography to 2D specimen radiography on the Kubtec website have not yet been published and at this time it is difficult to understand how they arrived at their conclusions given the lack of objective study data.
Our study also showed that overall accuracy of predicting surgical margins using the standard of care of 1VSU was low, with average sensitivity of 42.67%, average specificity of 77.08%, and average AUC of .5987. This may be intuitive given that radiographic imaging provides less detail when compared to microscopic evaluation of edges of a specimen, and that a cancer may extend beyond the mammographically visible lesion. The low accuracy appears consistent with the literature on specimen radiography and histopathology concordance for margin assessment, with reported sensitivity and specificity ranging from 55%e66% and 60%e92%, respectively [30e34]. Interestingly, Mazouni et al evaluated the sensitivity and specificity of specimen radiography at different radiological cut-offs and found that the sensitivity at 1 mm (the cut-off used in our study) was 33%, compared to 50% at 5 mm and 75% at 10 mm (specificities were 84%, 74%, and 41%, respectively) [35] . This group determined that while there was good correlation between intraoperative radiographic findings and histopathologic features such as lesion size and margin width, specimen radiography was not as useful in predicting margin status alone, with an AUC of 0.62 [35] .
The relatively low diagnostic accuracy of specimen radiography in assessing margin status may lead one to wonder, why bother using specimen radiography at all? However, there is a general consensus that specimen radiography plays a valuable role in nonpalpable breast lesions seen only on imaging to confirm that the entire lesion has been excised with clear margins [10,30,35e38] . And while the margin assessment as compared to histology may not be perfect, it is better than chance. Further, several studies report that intraoperative margin assessment with specimen radiography reduces re-excision rates [31, 38] , which ultimately improves the patient's experience and reduces health care costs. Some studies suggest that using a larger radiological cut-off, such as 4 mm [39] , would allow for more accurate prediction of negative margins. Others have also tested to see if 2 orthogonal images provide better assessment with mixed results [10, 11, 27, 30] , and this is standard practice at some institutions [31] . Interestingly, European guidelines recommend imaging the specimen in 2 planes intraoperatively to ensure completeness of lesion excision [40] .
While we failed to show that tomosynthesis would allow for more accurate margin prediction, our study similarly suggests that 2 orthogonal views may improve specimen radiography accuracy. We found that careful alignment for orthogonal images required significantly more time and attention to detail as compared to the standard single, unoriented view. Therefore, while the 1VSU is less sensitive, it may be more efficient and practical compared to 2VSU. Nonetheless, diagnostic accuracy remains paramount because it can prevent re-excision at a later time. Perhaps new technologies can address this diagnostic dilemma. A recent study investigating the potential of micro-computed tomography (CT) in breast specimen analysis found that micro CT had the best correlation of lesion diameter to pathologically measured lesion diameter, compared to magnetic resonance imaging, ultrasound, and mammography [41] . Micro CT may prove useful in margin assessment in the near future.
Our study has several limitations. The readers had varying years of experience, which may have contributed to interreader variability. Further, there are limitations related to the specimen imaging process. The specimen was lightly compressed on the DBT unit, while the specimen was not compressed on the specimen unit. The orientation of the specimen and the labeling of its margins were susceptible to human error, particularly given its irregular and often asymmetric shape. The sources of potential error include misplaced surgical stitches marking the superior and lateral aspects by the surgeon, incorrect orientation of the specimen by the person acquiring the images, mislabeling of the margins by the radiologist, and mislabeling of the margins by the pathologist. Moreover, there are technical issues with inking of the specimen and ink tracking into the specimen from its surface, which may distort pathology measurements of lesion distance to margin [34, 42] .
Finally, at our institution the wires placed preoperatively may or may not be removed from the specimen prior to imaging, depending on the surgeon's preference and the wires possibly falling out due to handling of the specimen. Therefore, in cases where the wires remained in the specimen, there may have been some minor artifact caused by the metallic component of the wire that could obscure subtle findings such as microcalcifications in the tomosynthesis images.
In summary, orientation of surgical specimens may increase sensitivity and accuracy of margin assessment, although this did not reach statistical significance for all readers in our study. Clearly, more research is needed to determine whether orientation of the specimen should be integrated into routine clinical practice. With regard to DBT, this did not seem to add much value in imaging surgically excised tissue. Given the considerable added cost for a practice to acquire a dedicated DBT specimen unit, as well as the comparably higher cost of a DBT specimen unit vs a 2D unit, more research is needed to justify this added expense.
